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§8. Test of Beam Transport System for Heavy 
lon Beam Probe 
Ido, T., Nishizawa, A., Kawasumi, Y., Tsukada, K., 
Kato, S., Hamada, Y. 
A beam transport system of a heavy ion beam probe 
(HIBP) has been connected to the injection port of LHD 
before the 4th cycle. Its length between the accelerator 
and the injection port of LHD is about 20 m and it was 
tested whether the system can work or not. 
First of all, the transport of the beam was examined 
without the magnetic field of LHD. Singly charged thal-
lium ion (Tl+) are injected for the test and the voltage 
of the accelerator is 80 k V. The beam is injected from a 
lower port of LHD,6.5L-port, and it is detected by using 
a detector in a upper port, 6.5U-port. Figure 1 shows 
the time history of the detected beam current when the 
primary beam is swept just in front of the injection port. 
The beam can go through the vacuum vessel of LHD and 
it can reach to the detector. 
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Fig. 1: Detected primary beam during the sweeping at 
injection port. The primary beam are swept in two di-
rections. The diameter of the detector is 130 mm. 
Then, the magnetic field is applied. As its strength 
increases, the beam moves in the toroidal direction of 
LHD. As the strength of the magnetic field is 0.75 T, 80 
keV TI+ beam can not go through the transport system 
because of the stray field. Our transport system was op-
timized under the condition without the magnetic field, 
so we could not transport the beam in this campaign. In 
the next campaign, we will use the 6 MeV accelerator, so 
the influence of the stray field will be reduced relatively. 
Moreover, additional steerers will be installed along the 
transport system. 
One of the other difficult problems is related to elec-
trostatic sweepers. Two octupole sweepers are installed 
just in front of the injection port and the exit port in 
order to control the beam trajectory and the position 
of sample volumes. When radiation from a plasma is 
strong, it produces secondary electrons on the surface of 
the electrode through the photoelectric effect. The elec-
trons induce the break-down between the electrodes or 
between the electrode and the ground, and the applied 
voltage cannot be controlled. It is one of the most diffi-
cult and common problems in HIBP diagnostics. We use 
high voltage amplifiers with the output voltage of 20 kV, 
the output current of 20 rnA, and the slew rate of 350 
V / J-lS. Time histories of applied voltages and output cur-
rents in a normal shot of LHD are shown in Fig.2. The 
break-down occurs during the shot, although the voltage 
is stable when only the magnetic field is applied and the 
gas is filled in the vacuum vessel. They show that the 
break-down is possibly induced by the radiation from the 
plasma. 
The easiest solution is to use the high voltage ampli-
fier with large current capability. Actually, the problems 
were solved by reinforcing the high voltage amplifiers in 
CHS HIBP and JF'l'-2M HIBP. In LHD HIBP, however, 
higher voltage and larger current capacity are needed 
because of the one order higher energy of the beam and 
the stronger radiation from LHD plasmas. The capacity 
of the commercial amplifier is close to the limit from a 
technical point of view. Therefore, the configuration of 
the sweeper needs to be reexamined in order to suppress 
the production of the secondary electrons. 
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Fig. 2: Behaviors of voltages on the electrode of the 
sweepers. (a) : Radiation from the plasma. (b) and (d): 
Voltages applied on the electrodes. (c) and (e): Output 
currents of the high voltage amplifiers. 
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